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CITRIC ACID CONTENT OF MILK 
• By F . F . SHERWOOD AND B. W . HAMMER 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
DAIRY SECTlON 
AMES, IOWA. , 

CITRIC ACID CONTENT OF MILK 
F. F. SHERWOOD AND B. 'IN. HAMMER. 
The citric acid which is normally present in milk and cream 
can be fermented by a number of organisms commonly present 
in· dairy products. Some of these, such as the citric acid positive 
colon-aerogcnes organisms, are always objectionable in milk and 
its derivatives, while others, Streptococcus citroVOrtLS and S. 
paracitrovorus, which are frequently associated with S. lac tis, 
are important in the development of flavor and aroma in starter 
and in butter, and undoubtedly in other materials. 
The importance of the products formed from citric acid by the 
organisms associated with S. lactis in starters suggests that vari-
ations in the citric acid content of milk might influence the 
quality of the starter produced and that differences in the citric 
acid content of cream, due to the variations in the percent pres-
ent in the milk, might affect the flavor and aroma of butter. 
Seasonal variations in butter are expected and the June make in 
the northern states often has a high flavor and aroma. This is 
probably in part due to the absence of undesirable flavors and 
odors, especially those coming from stables, but it may also be 
influenced by vari<ations in the composition of the milk and 
cream and if wide variations occur in the citric acid content, these 
might be expected to be of importance in this connection. 
The work reported herein was carried out with the idea of 
determining whether or not any considerable variation occurs 
in the citric acid content of milk and also whether or not there 
is a relationship between breed, season, or stage of lactation, and 
the amount of citric acid nresent. Determinations of the acidity, 
ash, fat and total solids were made with the object of detecting 
any correlation that might exist between the percent of one or 
more of these constituents and the percent of citric acid. Cream 
from two sources was also studied as to its citric acid content over 
a considerable period for the purpose of confirming the results on 
seasonal variation obtained with the milk. 
GENERAL OUTLINE OF' PROCEOORE 
The milk studied came from the Iowa State College Dairy 
Farm. Samples were collected from individual animals, usually 
at intervals of three weeks, altho in a few instances there were 
only two weeks between samplings. Milk from each animal was 
obtained from the complete milking on Monday evening and 
aga i 11 1)11 'rllcfoillny morning; the samples were at once brot to the 
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laboratory and put in the cooler packed in ice. Eight cows were 
used at the beginning of the work, two of each of the four prin-
cipal dairy breeds; the animals were selected so that the tWlJ 
from each breed had been milking for quite different lengths 
of time. When a cow was dry, or for some otber reason was un-
available, another was put in her place. There was a total of 20 
cows from which samples were examined; the animals used for 
replacement were taken without reference to breed so that sam-
ples were studied from five Jerseys, three Guernseys, seven Ayr-
shires and five Holsteins. 
The detailed data with reference to the animals are given in 
table I. 
Cow 
no. 
256 
325 
565 
290 
540 
413 
389 
493 
319 
491 
505 
523 
647 
528 
570 
564 
559 
487 
573 
485 
Breed 
G. 
G. 
J . 
J. 
A. 
A. 
H. 
H. 
H. 
A. 
H. 
J . 
J. 
A. 
A. 
u. 
A. 
J. 
A. 
H. 
TABLE I 
\ I Date of last -I 1 No. of tim;;~ Date of first freshening- Ag-e at time fl'tlsh en ed up samples before first first samples to first 
samples w ere taken S'lmples 
-~-- -
-
I 
10-22-23 2-11-23 13- 7-11 X 
10-22-23 10-16-23 7- 8- 3 r. 
10-22-23 3- 9-23 2- 1-18 I 
10-22-23 10-13-22 8- 7-12 I; 
10-22-23 9-11-23 2-11-11 J 
10-22-23 2-28-23 5- 9- 5 :l 
10-22-23 12-26-22 I 6- 5-17 I :! 10-22-23 5-23-23 4- 1- 6 z 
5-12-24 1-26-24 8- 5- 0 1 
5-12-24 2- 8- 2,1 4- 7-27 3 
6- 2-~4 3-19-24 4 - 6-29 2 
6- 2-24 11- 1-23 4- 2- 3 2 
6-23-24 4- 1-24 3- 4-28 I 
6-23-24 1-25- 24 3-10-24 I ~ 9- 8-24 6-14-24 2-11-20 I 9- 8-24 5-13-24 3- 0- 7 
I 
I 
9-29-24 9- 8-24 3- 2-15 I 
9-29-24 9-21- 24 5- 1- 6 ;! 
11- 3-24 9- 23-24 3- 1- 5 1 
11-24-24 10-16-24 5- 3- 17 3 
The animals received rations that were satisfactory Jor high 
milk production, which included pasture in the summer and a 
liberal supply of silage in the winter. A herd that was being 
given silage instead of only dry feed in the winter was selected 
because it was believed that such a herd would more nearly 
represent conditions in the better dairy districts. 
One source of the cream studied was that regularly skimmed 
in the market milk plant of the Iowa State College from milk de-
livered from the College Dairy Farm, while the other was the 
mixed sweet or almost sweet cream sold to the college creamery 
by farmers in the vicinity; cream from the second source some-
times showed an acidity indicative of bacterial action. 
METHODS USED 
All determinations were run in duplicate and thus each result 
given is the average of two determined values. 
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DETERMINATION OF CITRIC ACID 
Two methods were tried for the estimation of citric acid in 
milk, the method of Stahre' (precipitation as pentabromoacetone, 
weighing and calculating to citric acid with a faotor) and the 
Beau2 modification of the method of Denige3 (precipitation as 
mercury dicarboxysulphoacetone, the titration of the mercury 
and calculating to citric acid with a f'actor). The latter method 
gave a better agreement of duplicates and was generally more 
satisfactory, a'ltho it cannot be considered as meeting all of the 
requirements of an ideal quantitative method. 
The directions given by Beau for carrying out the estimation 
are ess,entially as follo~ : 
Fifty C.c. of milk are put into a 200 c.c. graduate, about 75 C.c. 
of distilled water added and then 50 C.c. of HgS04 solution. (This 
solution is prepared by mixing 50 grams of red oxide of mercury 
with 400 to 500 C.c. of distilled water in a litre flask, and then 
gradually adding H 2S04, sp. gr. 66° Beaume, until all the oxide 
is dissolved; this will take about 75 C.c. of H 2S04, and the flask 
is then filled to the mark, heated and filtered.) The mixture is 
thoroly shaken, which causes the precipitation of the casein, etc., 
and the graduate is then filled to the mark and, after again shak-
ing, the contents are thrown on a filter. The filtrate is passed 
thru the paper several times until it possesses only a slight opales-
cence; it is ordinarily impossible to obtain an absolutely clear 
filtrate. 
One hundred c.c. of the filtrate (equivalent to 25 c.c. milk) are 
heated to boiling in a flask and then oxidized with a one percent 
solution of KMn04, which is added drop by drop, the flask being 
shaken after each addition. The liquid soon becomes turbid, after 
which a yellowish-white precipitate forms. The addition of the 
KMn04 is, however, continued until the precipitate sinks to the 
bottom, and the liquid is perfectly clear. To reach this point 
from 5 to 10 C.c. of KMn04 solution are ordinarily required. A 
slight excess is an advantage, for otherwise the oxidation is apt 
to remain incomplete. The precipitate has a coffee-brown color, 
on account of small quantities of Mn0 2 , but this can be removed 
by heating the liquid until it boils, then removing the flame and 
adding small amounts of H 20 2 until the precipitate is quite color-
less. Generally from 5 to 10 drops of H 20 2 are required. 
After cooling, the precipitate is collected on a filter and washed 
with distilled water until the filtrate gives no cloudiness with a 
'R. Kunz. Arc h. Ch e rn. M ikros . 7, p 285, 1914 throug h Ch e mical Abs tracts 
9, p 687, 1915. . . 
' Revu e Gen e ra Je du L ait . 3, p 385. 
' Anna Jes de Phys . e t d e Chim. 18, p 38 2, 1899. 
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BaC1 2 solution. The precipitate and filter paper are then trans-
ferred to a 600 c.c. Erlemeyer flask, 10 C.c. of concentrated H C1 
added and heated in a water bath to the temperature of boiling 
water; 100 C.c. of distilled water are added and the contents of 
the flask again heated to the temperature of boiling water. After 
cooling somewhat the solution is filtered thru a Buchner fun-
nel, the flask rinsed out and finally the filter washed with dis-
tilled water. This gives a perfectly clear solution to work with. 
The solution is transferred to an Erlenmeyer flask and 20 C.c. of 
concentrated NH40H are added; also 10 C.c. of a KCN solution 
(13 grams per litre) , which is equivalent to N/ 10 AgN0 3 • Ten 
drops of a 10 percent solution of KI are used as indicator, and 
a titration made with N/ 10 AgN03 , which is slowly run in until 
the cloudiness which forms does not disappear on shaking and 
there is a slight yellowish color due to the formation of Agl. The 
c.c. of N/ 10 AgN0 3 equivalent to the citric acid are found by 
subtracting the c.c. of N/ 10 AgN0 3 used in the titration from 
10 C.c. (the amount equivalent to the KeN used). 
Beau has prepared table II , which shows directly the 
amount of citric acid in the milk under examination from the 
N/ 10 AgN0 3 equivalent, the quantity of citric acid being ex-
pressed in ccntigrams per litre for each one-tenth C.c. of N/10 
AgN03 from 0 to 10.9. Thc table is applicable only where the 
procedure used is exactly as described. 
Table II. CITRIC ACID IN MILK CORRESPONDING TO N / 10 SILVER 
NITRATE. 
~'\S03 i 0.0 1 0.1 I 0.2 1 0.3 1 0.4! 0 . 5 1 0.6 1 0.7 1 0.8 1 o.n 
o 
1 
2 
3 
4 
5 
6 
7 
8 
n 
10 
1 
0.0 3.01 6.0 9.0 12.0 
29.5 32.5 35.5 38.5 41.5 
59.0 62.0 65.0 68.0 71.0 
88.5 91.5 94.5 97.5 100.5 
118.0 121.0 124.0 127.0 130 . 0 
147.5 150.5 1 153.5 156.5 159.5 
178.0 181.0 1~4.0 187.0 191.0 
210.0 213.01216.0 219 .01 223.0 
242.01245.0 248.0 251.0 255 .0 
273.5 276.5 279.5 282.5 285.5 
305.5 307.5 311.5 314.5 317.5 
15.0 
44.5 
74.0 
103.5 
133.0 
162.5 
194.0 
226.0 
258.0 
289.5 
321.5 
17.51 20.51 23.51 26.5 
47.0 50.0 53'01 56.0 
76 .5 79 .51 82.5 85.5 
106.01 109 . 01 112.01 115.0 
135.5 138.51 141.51 144.5 
165.0 169.01 172.0 175.0 
197.0 200.0 203.0 207.0 
229.0 232 . 0 235.0 239.0 
261. 0 264.0 267.0 270.0 
292.5 295.5 298 . 5 301. 5 
325.0 328.01 331.0 334.5 
In the determination of the citric acid content of cream, a 50, 
gram sample mas weighed out and treated the same as a 50 c.c. 
portion of milk. With the low H 20 content of the cream, as com-
pared to the milk, the 100 C.c. of filtrate used for oxidizing rep-
resents considerable more than 25 grams of cream and the val-
ues obtained with the above method were therefore recalculated 
by multiplying by various facto~'s, depending on the percent of 
fat in the cream. These factors, which were secured by subtract-
ing the percent fat in the cream from' 100, dividing by 2, since 
50 grams of cream were used, adding 150 (the approximate vol-
ume in C.c. of the water and HgS04 sol. added) and dividing by 
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2, and then by 100, are obviously open to certain errors, but 
should largely compensate for the considerable error due to the 
high percent of fat in the cream. Factors were established for 
various fat percents and the factor corresponding to the nearest 
fat value was used in the recalculation of the citric acid. The 
factors are as follows: 
Percent fat 
in cream 
25 .. ........ .. ..... • ......... ..... .. .... ... ... . . . 
30 ......•.................•......•..•............ 
35 ................. .. ............... . ....... .. .. . 
40 . . ...• ............••........... . .•... ...•. . • ... 
45 .•...•..• • .••...... • ...•.. • .............••.•... 
50 .... .• .. .. .. . .. . ... .... •... .. . .... . .. ..... .. . . . 
55 ...... . ...... ... .. ... . . .... ... . ... ............ . 
DETERMINATION OF ACIDITY 
F actor 
.94 
.925 
.91 
.90 
.89 
.875 
.86 
The acidity of the milk was determined at the time the sample., 
were measured out for the citric acid determination. A nine 
gram sample was titrated with N/ 10 NaOH, using phenolphtha-
lein as an indicator, and the results calculated as percent lactic 
acid. 
DETERMINATION OF ASH 
The dried and weighed solids (see determination of total 
solids) were ignited in an electric furnace at from 550 0 to 600 0 C. 
After cooling, the weight of the ash was secured, and the percent. 
ash calculated. 
DETERMINATION OF FAT 
The percent fat was determined by the Babcock method, as 
recommended by the Association of Official Agricultural Chem-
ists. 
DETERMINATION OF TOTAL SOLIDS 
Approximately fiv e grams of the thoroly mixed milk were in-
troduced into a tared flat bottom porcelain dish and quickly 
weighed to the nearest milligram. The dish was placed on a wa-
ter bath until nearly all of the water was expelled and then dried 
to constant weight in an air bath held at from 97 0 to 1000 C.; 
the weight of the total solids was then secured und the percent 
calculated. 
RESULTS OBTAINED 
CITRIC ACID 
The detailed results of the citric acid determinations are given 
in table III. The 335 determinations varied from 0.07 to 0.33 
percent and averaged 0.18 percent; the 169 evening samples 
Table III. CITRIC ACID CONTENT OF MILK FROM INDIVIDUAL ANIMALS. 
COW\Breed\ Time \ oct.! NOV.! Dec.! Dec.! Jan. \ Jan. \ Feb. ! MarchjM31Ch! APr.! May! June! June ! July \ July \ Aug. 
No. of Day 22-23 12-13 3 17-18 7-8 28-29 18-19 10-11 Apr.] 21-22 12-13 2-3 23-24 14-15 28-29 17-18 
256 I G p. m. .20 I .1~ .17 .13 I .18 I .12 .14 \ .16 I .14 .10 .16 .21 .14 1.14 1.11 I .1""8-'---
a. m. .19 .165 .14 I .23 I .17 .15 .14 .13 ;135 .17 . 10 .12 .155 .11 I .15 
325 G lJ. m. .14 .23 .26 .2~ 1.23 I .25 .25 .27 I .23 .18 . 26 .19 .12 1.25 I .20 I .165 
_ _ a. m. .15 .205 .23 .23 I .24 .23 I .27 .22 .23 .26 .16 .15 .25 I .22 I .14 
06" J p. m. .23 .21 .20 .20 .16 I .20 .19 .20 .21 .22 .19 .19 I I 
a. m. .24 .22 .205.21 1.22 .19 I .22 .22 .25 .14 .20 \ I I 
J p. m. .16 .19 .165 .16 \ .13 1.11 .14 . . 16 .15 . 16 .15 I I I 290 
540 
413 
389 
493 
a. m. .17 .17 .17 .33 I .'15 .14 .21 .17 .16 .16 I I 
A p. m. .21 .21 .18 .19 I .16 .185 .21 .18 .19 .23 .18 I I I 
a. m. .19 .24 .19 I .17 I .15 .21 I .23 .18 .22 .21 .21 I I I 
A p. m. .15 .18 .16 .09 I .17 I . 115 .10 I .12 1. 13 .11 I I I 
a. m. .18 .18 .11 1.12 .11 .09 I .12 .10 .12 I I I H p . m. .16 .23 .16 .16 .23 I .21 .18 I .25 .23 .19 .17 I I I 
a. m. .145 .16 .17 .25 I .21 .17 I .28 .23 .23 .17 I I 
H p. m. .185 .23 .18 .21 .26 I .19 .225 I .28 .26 .27 I I I 
a. m. .20 .27 .20 . 17 I .21 .24 .29 I .23 .27 I I I 
Cow IBreed j Time I May \ June I June I JUly -IJUlY I Aug. \ Sept. I Sept. I Oct. I Nov. \ NOV.! Dec. No. of Day 12-13 2-3 23-24 14-15 28-29 17-18 8-9 29-30 20-21 3-4 24-25 15-16 
19 H p. m. .16 .15 .17 .17 I .15 I .18 I .20 
I 
.08 .13 
a. m. .225 .145 .15 .17 
1 .
13 
.15 I .15 .10 .13 .09 
91 A p. m. .22 .14 . 13 .11 . 1 .11 I 
-
a. m. .22 .14 . .12 .16 11 I .14 I 
05 H p. m. .18 .12 .26 .19 I .27 I .28 .19 .23 .21 .21 
a . m. .19 .17 .23 .21 I .24 I .23 I .22 f .22 .22 .23 .19 
23 J p. m. .13 .22 .22 \.20 I .22 I I i I I 
a . m. .21 .225 .22 .23 I .20 I .23 I I . 18 I .14 I .14 47 J p. m. .23 .21 .17 I .23 I .26 .14 I .16 
! A 
a. m. .18 .11 I .19 I .23 I .21 I .155 I .16 .19 I .16 I .17 28 p. m. .25 .24 I .20 I .27 .24 I .21 I I I 
a. m. . 19 I .25 I .21 I .23 I . 205 1 .13 I .19 I .19 I .12 70 A p . m. I .25 .24 .20 
a. m. I .19 I .26 .23 .23 I .20 
64 G p. m. 
I 
I I I .20 I .11 I .16 .16 .11 .07 a. m. I I I .20 .11 I .155 .13 .13 .11 59 A p. m. I I 
1 
.20 I .22 .16 .16 I .13 
a. m. 
I I 
I .18 I .20 .14 .17 .14 
87 J p. m. I . 18 I .19 .16 .17 .12 
a. m. I I .14 .19 .12 .17 .16 
73 rA p. m. 
I 
I I 
I 
.21 .23 .23 
IH 
a. m. I I I I .18 .22 .24 85 p. m. I I I .16 .155 a. m. I I .22 .21 
I'V 
,j::>. 
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ranged from 0.07 to 0.28 percent, with an average of 0.18 per-
cent, while the 166 morning samples varied from 0.09 to 0.33 per-
cent and averaged 0.18 percent. 
The results, summarized according to the breed of the animals, 
are given in table IV. There were no significant differences in 
the citric acid content of the milk from the different breeds, altho 
the Holstein milk averaged slightly higher than the milk from 
the other breeds, when it might have been expected to average 
lower because of the usual lower total Jlolids for this breed; the 
Jerseys ranked second in average citric acid content and with the 
breeds in this order there is no evident relationship between the 
citric acid and the total solids. The differences between the 
evening and morning samples were small and neither the even-
ing nor morning samples regularly ran the higher thruout the 
four breeds. 
T a bl" IV. 
Breed 
J e r sey 
Guernsey 
Ayrshir" 
Holstein 
PERCENT CITRIC ACID IN MILK ACCORDING TO BREI:D 
OF ANIMALS. 
INo . . or I Evening samples I Morning samples I Tota l samples am- I Av. percent I Av. percent \ Av. percent 
m a ls No. citric acid No. citri c acid No. ,. citric acid 
I ~ I §~ I :i~ I ~~ I : n I ~~ I :i~ 7 46 .18 46 .18 92 .18 5 42 .20 42 .20 I 84 I .20 
Table V presents the data on citric acid grouped according 
to the individual animals. The results show that the average 
citric acid content of the milk from each animal varied from 
0.13 to 0.23 percent, with the number of samples per animal 
ranging from 4 to 31. Cow 493, a Holstein, had the highest aver-
age citric acid content, and cow 413, an Ayrshire, had the low-
est; with both of these animals a considerable number of samples 
had been examined. Between these extremes there was a rather 
even distribution of the remaining averages. The variations be-
tween the animals of a given breed were almost as great as the 
variations in the whole group of animals, the Jerseys varying 
from 0.16 to 0.21 percent, the Guernseys from 0.14 to 0.21 per-
cent, the Ayrshires from 0.13 to 0.22 percent and the Holsteins 
fro;m 0.15 to 0.23 percent. 
The averages for the evening and morning samples from each 
animal show only very small differences, while those that do 
exist were not regularly in favor of either group. However" 
considerable variation existed with both the evening and morning 
samples in the individual values for each animal, the maximum 
value in a number of instances being mo-re than double the 
minimum. 
In order to determine whether or not advanced lactation had 
an effect on the citric acid content of the milk, the average per-
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Table V. PERCENT CITRIC ACID IN MILK ACCORDING TO INDI-
VIDUAL ANIMALS. 
No. I I Evening samples I Morning samples I Total samples 
Qf B N 'P t·t· 'd N IP t't . 'd I Average ani- reed 0· 1 ercen C1 riC aCl o. ercen ("1 riC aCl N0' 1 percent 
mal I Min I Max I Av I Min I Max I Av citric ac i<! 
256 
325 
565 
290 
540 
413 
389 
493 
319 
491 
505 
523 
517 
528 
570 
564 
559 
487 
573 
485 
I G. 
G. 
J. 
J. 
A. 
A. 
H. 
H. 
H. 
A. 
H. 
J. 
J. 
A. 
A. 
n. 
.A . 
I J . A . 
H. 
16 
16 
12 
11 
11 
10 
11 
10 
9 
6 
10 
5 
10 
6 
5 
6 
~ I 
.10 
.12 
.16 
.11 
.16 
.09 
.16 
.18 
.08 
.11 
.12 
.13 
.14 
.20 
.12 
.07 
.13 
.12 
.21 
.155 
.21 
. 27 
.23 
.19 
.23 
.18 
.25 
.28 
. 20 
.22 
. 28 
.22 
.26 
.27 
.25 
.20 
.22 
.19 
.23 
.16 
.15 15 
.22 15 
.20 11 
.15 10 
.19 11 
.13 9 
.20 10 
.23 9 
.15 10 
.14 6 
.21 11 
.20 6 
.19 10 
.235 7 
: ~~5 1 ~ 
.17 5 
I .16 5 . 22 3 
.16 2 
.10 
.14 
.14 
.14 
.15 
.09 
.145 
.17 / 
.09 
.11 
.17 
. 20 I 
.11 
.
13 1 19 
.11 
.
14 1 12 
.18 
.21 I 
.23 I 
. 27 
.25 
.33 
.24 
.18 
.28 
.29 
.225 
.22 
.24 
.23 
.23 
.25 I 
.26 I :~g I 
.19 
.24 
.22 
:H II nil 
.18 21 
.20 22 
. 13 I 19 
.20 I 21 I 
.23 1 19 
.14 19 
.
15
1
12 I .21 21 
.22 11 I 
.18 20 
.20 I 13 I 
.22 1 10 I 
.14 12 I 
.17 10 I 
.16 I 10 I 
.21 I 6 
.215 1 4 I 
.15 
.21 
.205 
.17 
.20 
.13 
.20 
.23 
.15 
.14 
.21 
.21 
.18 
.22 
. 21 
.14 
.17 
.16 
.22 
.19 
cent of nitric acid for the last four morning samples and for the 
last four evening samples were calculated for a number of ani-
mals whose milk was examined over a considerable time and 
whose lactation period closed before the work was completed. 
The results are given in table VI and for comparison correspond-
ing values for the entire series of samples examined from the 
same animals. 
The data presented indicate that for the animals studied the-'e 
was no significant change in the citric acid content of the milk 
during advanced lactation. In 7 of the 18 comparisons, the aver-
age for the last 4 samples was higher than the average for the en-
tire series of samples, in 10 it was lower and in 1 the values were 
the same. The differences were, however, negligible, and no sig-
nificance can be attached to them. A study of table IV further 
shows that the citric acid values for the milk of any animal did 
not show a regular and definite change as lactation advanced. 
For the determination of the effect of pasturing on the citric 
acid content of the milk, an average was calculated for the sam-
ples examined when the animals were on pasture, the pasture 
dates being May 10 to November 1, inclusive. The average value 
for the 137 samples examined during this period is 0.18 percent, 
which is the same as the average for the entire 335 samples ex-
amined. This comparison, together with the fact that the citric 
acid values for the milk of any animal did not show a definite 
change during the pasture season, indicates that, for the type of 
feeding employed with the animals studied, there is no signifi~ 
cant seasonal variation in the citric acid content of the milk. 
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Table VI. PERCENT CITRIC ACID IN MILK IN ADVANCED LAC-
TATION. 
No. of 
anilnal 
evemng samples _-;-::-~m:::.orning samples 
Last four I Entire series Last four Entire series I 
Average p~rcent citric acid I Average percent citric acid 
--,c=-___ ,---=-sa:::· m:::ples I of samples sampl:-=-e,,--s _+---,o=-=f....:s=amples 
m I :n--I---j~ [I :g j~--
565 .20 .20 .20 .21 
290 .155 .15 .175 .18 
~i~ :m [ :U I :i~5 :i~ 389 .21 .20 .23 .20 
493 .26 .23 .26 .23 
319 .14* .15 .12 .14 
·Only three samples as "'nimal was milked only once a day toward close of 
1uctation period. 
ACIDITY 
The results of the acidity determinations are tabulated in de-
tail in table VII. The 335 determinations varied from 0.10 to 
'0.25 percent and averaged 0.17 percent, the 169 evenin~ samples 
ranging from 0.10 to 0.25 percent and averaging 0.17 percent, 
while the 166 morning samples also varied from 0.10 to 0.25 per-
-cent, with an average of 0.17 percent. 
The data, grouped according to breed of the animals, are pre-
sented in table VIII, which shows that the average for the Hol-
steins was 0.17 percent, while the average for each of the other 
three breeds was 0.18 percent. With each breed the average for 
the evening samples was the same as that for the morning 
samples. 
The data on acidity, summarized according to the individual 
animals, are given in table IX. The results show that the average 
acidities of the milk of the individual animals varied from 0.13 
to 0.20 percent, the number of samples from each animal rang-
ing from 4 to 31. There w'as a greater grouping of the other 
average acidities near the maximum value than near the mini-
mum. One animal in each breed had an average acidity of at 
least 0.19 percent, while one or more animals in each breed also 
had a rather low average. With most of the animals the differ-
ence between the minimum and maximum acidity values was 
small, but in a few instances rather large differences were en-
eountered. The evening and morning samples for each animal 
were quite the same as regards the average values or the varia-
tions encountered. 
ASH 
The results of the ash determinations are given in detail in 
table X. The 335 deter,minations varied from 0.38 to 1.10 percent 
and averaged 0.70 percent; the 169 evening samples ranged from 
0.38 to 1.00 percent and averaged 0.70 percent, while the 166 
morning samples varied from 0.41 to 1.10 percent and avera:5ed 
0.69 percent. 
TABLE VII. ACIDITY OF MILK FROM INDIVIDUAL ANIMALS. 
I ~ \ I I 1 I 1 I I I I Mar. I I I 1 1 I I Cn", Breed Time Oct. Nov. Dec. Dec. J a n. Jan. Feb. Mar. 31- Apr. May June June July July Aug. No.. of Da) 22-23 12-13 3 17-18 7-8 28- 29 18 -19 10-11 Apr. 1 21-22 12-13 2- 3 23-24 14-15 28-'29 17-18 
?56 1 G. I p. m. .13 1 .155 I .14 1.13 1 .16 1 .15 1 .15 I .16 1 .135 .17 .14 .18 1 .135 1 .14 1 .15 1 .16 
a. m. .14 .165 .16 1 .14 1 .155 1 .17 .135 1 .13 .15 .145 .175 .13 .15 1 . 125 1 .16 
325 G . p. m. .155 .20 1.20 .26 1 .21 1 .22 1 .21 I .21 1 . 22 .20 .19 .18 . 20 .20 1 . 19 1 .14 
1 a. m. .145 .21 I .25 1 .24 1 .20 1 .22 .21 .22 .19 .20 .175 .20 1 .185 1 .175 I .13 
565 1 J. 1 p . m. .15 .16 .175 1 .165 1 .19 1 .18 1 .175 I .185 .175 .17 .18 .19 1 1 I 
1 1 a . m. .15 1. 195 1 .175 1 .195 1 .18 1 .195 .18 .195 .17 .185 . 195 1 1 I 2~0 I J. I p . m. .12 .125 .1451.16 I .16 1.14 1 .145 I .15 .135 .18 .21 1 I I 
a. m. .125 .10 .16 .16 I .13 I .155, .16 .145 .15 .21 1 I I 
540 A. p. m. .175 .17 .16 1 .175 1 .175 I .19 I .19 . 21 .185 .20 .175 I I 
/ 1 
a . m. .13 1. 19 .16 '.18 I .135 1 .19 I .19 .21 .19 .195 .18 I I 
413 A. p. m. .13 .165 .19 .13 I .165 I .12 1. 11 , .125 .11 .10 I I I a. m . . 135 .185 I .125 '.17 I .10 I .12 ' .12 .10 .10 I I I 38~ H. I p. m. .135 .17 1.16 .165 , .18 , .155 I .17 1 .)55 .17 .14 .16 I I I I I I a. m' l .1351.155 1.15 I .155 , .145 I . 16 I .15 .18 .16 .16 I I I 493 H. p. m. .145 .15 .17 .16 I .15 I .165 I .16 .18 . 17 .19 I I I I a . m. .135 .165 .16 .17 I .16 1 .175, .16 .17 .18 I I 1 ____ _ 
COW!Breed I Time~ II May \ June I June l July \ July I AUg./lsept. 1 Sept. \ Oct. 1 Nov. I Nov. \ Dec. I . -~.--
No. I of Day 12-13 2- 3 23-24 14·15 28-29 17-18 8-9 29-30 20-21 3-. 24-25 15-16 
31~ 
4n 
505 
523 
547 
528 
570 
564 
559 
487 
573 
485 
I H. A. 
H. 
I J. 
1 
J. 
A. 
I 
A. 
G. 
A . 
J. 
A. 
H. 
I p. m. 
a. m. 
p . m. 
fl.. m. 
p. m. 
a. m. 
p. m. 
.145 
.14 
.21 
.20 
~:~: II I ~:~: 1 
a. rn. 
p. m. I 
a. m. 
p. m. 
a. m . 
p. m. 
a . m. 
p. m. 
a. m. 
p. m. 
a. m. 
p. m. 
a. m. 
:U I' .22 
.215 
.21 
.20 
.175 
. 1 
I 
.21 
.165 
. 22 
.205 
.195 
.195 
. 125 
.195 
.195 
.20 
.19 
.20 
.16 
.15 
.22 
.19 
.20 
.B5 
.18 
.20 
. 22 
. 22 
.20 
.20 
.16 
.145 
.185 
.185 
.18 
.1 ~ 
.155 
.145 
.1~ 
.20 
.195 
.18 
.17 I 
.16 I 
.16 , 
.165 I 
.185 I 
.18 I 
.175 I 
.175 I 
.195 I 
.185 I 
.17 I 
.18 I 
I 
I 
I 
I 
I 
I 
I 
1 
.185 
.17 
.185 
.19 
.16 
.19 
.195 
.20 
.185 
.19 
.20 
.20 
.20 
.17 .22 I 
.17 / 
.
205 1 
.185 
.16 I 
I 
.
195 1 16 
.195 
.20 J~ I' 
I 
.14 5 
.15 
.185 
.195 
.195 
.19 
.155 
.155 
.18 
.19 
.20 
.195 
.19 
.195 
.195 
.19 
.16 
.18 .18 
.20 .20 
.21 .18 
.20 .21 
.19 
. 20 
. 21 
.21 
.21 
.21 
.19 
.21 
.18 
.21 
.18 
.21 
.185 
.205 
.20 
.21 
.20 
.20 
.185 
.21 
.155 
.15 
.165 
.16 
.18 
.21 
.14 
.21 
.21 
.19 
.20 
.20 
.21 
.19 
.19 
.19 
.145 I 
.18 I 
t>:) 
00 
29 
Table VIII. PERCENT ACIDITY IN MILK ACCORDING TO BREED OF 
ANIMALS. 
Breed INO. of I Evening samples I Morning samples I Total samples am- I Av. percent I Av. percent --""'"I-;A-v-.-p-e-rce-n-;-t 
~ ___ -;-m=a1,",s::...,-,;-N",o~.+---"aC;;cc-'idi;,;·t",y'--...,--=.N';C0c....' I acidity No. acidity 
~e,;:;lsey I ~ I ~~ I U~ I ~~ II :i~ I ~~ II :i~ Ayrshire 7 ·16 0.18 46 .18 92 .18 
Holstein 5 42 0.17 42 .17 I 84 I .17 
Table IX. PERCENT ACIDITY IN MILK ACCORDING TO INDIVIDUAL 
ANIMALS. 
No. I I Evening samples \ Morning samples ~~i- Breed No.1 Percent acidit~ No.1 Percent acidity 
mal I Min I Max I Av I Min I Max I Av 
I Total samples I Average No. percent 
I acidity 
256 G. 16 .13 .18 .15 15 .125 
.
175
1 
.15 31 .15 
325 G. 16 .14 .25 .20 15 .13 .25 .20 31 .20 
565 J . 12 .15 .19 .17 11 .15 195 .18 23 .18 
290 J. 11 .12 .21 .15 10 .10 .21 .15 21 .15 
540 A. 11 .16 .21 .18 11 .13 .21 .18 22 .18 
413 A. 10 .10 .19 .13 9 .10 .185 .13 19 .13 
389 H. 11 .135 .18 .16 10 .135 .18 .155 21 .16 
493 H. 10 .145 .19 .16 9 .135 .18 .16 19 .16 
319 H. 9 .115 .22 .17 10 .14 .17 .155 19 .16 
491 A. 6 .] 6 .22 .20 6 .165 .215 .19 12 .20 
505 H. 10 .165 .21 .19 11 .16 .20 .19 21 .19 
523 J . 5 .125 .18 .16 6 .145 .20 .175 11 .17 
547 J. 10 .18 .22 .20 10 .185 .22 .20 20 .20 
528 A. 6 .155 .20 .185 7 .155 .20 .18 13 .18 
570 A. 5 .14 .19 .18 5 .19 .21 .20 10 .19 
564 G. I 6 .185 .21 .20 ~ I .16 .21 .19 ]2 I .20 559 A. 
I 
5 I .]9 .21 .20 .195 .21 
.20 1 10 I .20 487 J. i I .19 .22 .20 i I .19 .21 .20 10 I .20 573 A. .18 .19 .185 .19 .21 .20 6 .19 485 H. .145 .155 .15 .15 .18 .1651 4 .16 
A sununarization of the data according to breed of the animals 
is given in table XI. The averages for the percent ash in the 
milk from the different breeds varied from 0.68 to 0.71 percent, 
with the averages for the evening samples ranging from 0.69 to-
0.72 percent, and those for the morning samples from 0.67 to 
0;71 percent. There was no regular difference between the even-
ing and morning samples. 
Table XII presents the data on ash grouped according to the 
individual animals. The averages for the percent ash in the 
milk of the individual animals varied from 0.62 to 0.85 percent, 
the number of samples from each animal ranging from 4 to 31. 
The lowest average (0.62 percent) was secured with a Holstein, 
but each of the other breeds also showed at least one rather low 
average. The highest average (0.85 percent), which was consid-
erable higher than the one next to it, was secured on an Ayrshire, 
while the second highest average (0.75 percent) was secured on 
a Guernsey. There was a rather even distribution of the aver-
age ash values between the minimum (0.62 percent) and second 
highest value (0.75 percent). With most of the animals there 
was considerable variation between the minimum and maximum 
percents and, as would be expected, the variations ~re greater 
with the animals from which the larger number of samples had 
TABLE X. ASH CONTENT OF MILK FROM INDIVIDUAL ANIMALS. 
Cowl Breedl Time ! Oct. ! NOV. ! Dec.1 Dec. ! Jan. I  Jan. I Feb.! No. of Day 22-23 12-13 3 17-18 7-8 28-2n . 18-19 
56 G I p. m. .78 .76 .65 .74 .59 .70 .66 
a. m. .74 .53 .74 .70 .50 .70 
25 G p. m. l. 00 . 76 .79 .83 .83 .80 .75 
a. m. l.02 .74 .80 . 79 .52 .70 
65 J p. m. . 68 .74 .68 .75 . 60 .71 .66 
a . nl. .72 .58 .73 .70 .41 .71 
90 J p. m . .71 .78 .74 .76 .81 .80 .63 
a. In. . 62 .84 .75 .75 .61 .62 
2 
40 A p. m. .58 .64 .65 .73 .77 .56 
a. In. .68 .65 .64 .64 .42 .65 
13 A p. m. .76 .78 .76 .84 . 55 .70 . 62 
a. m . .81 .84 .79 .76 .54 .64 
89 H p. m . .63 .76 .76 .77 .59 .70 .73 
a. m. .63 .74 . 74 .73 . 63 . 76 
93 H I p. m. . 73 .77 . 70 .73 .76 .69 .69 
a. nl. .64 .77 .75 .72 .48 .65 
Mar. 31 Apr. May June June July July Aug. I Mar. I I I I ! I I 
.61 .64 . 6~ .72 .72 .7U .74 I .71 
10-ll A.pr. 1,21-2212-13 2-3 23-24 14-15 28-29. ,.::1"'7""-1;-:8'---_ _ 
--- ------- 1 .69 
.7.J .52 . 83 .73 
.74 .66 .55 .75 
.80 .65 .60 .79 
.70 .64 .38 .69 
.76 .66 .59 .76 
.67 . 54 .65 .92 
.78 .52 .58 .85 
.61 .63 .58 .68 
.65 . 60 .75 .75 
.70 .40 .47 
. 75 .44 . 65 
.64 
\ .52 
. 64 . 79 
. 83 .57 .47 .76 
.76 . 75 .62 
I .76 .57 .77 
-- -
.67 .67 .74 
.73 .75 .76 
.71 .71 .77 
.69 
.70 
.72 
.71 
--
I .69 
1 .77 
1 .80 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 .58 
1 .75 
1 .72 
1 
1 
I 
1 
1 
\ 
1 
1 
1 
I 
1 ___ -
Cow I Breed! Time I May! June! June I July I JUlY ! AUg. ! Sept. I Sept. I Oct. I Nov. I NO V.. ! Dec. 
No. of Day 12-13 2-3 23-24 14-15 28-29 17-18 8-9 29-30 20-21 3-4 24-25 15-16 
319 H p. ,111. .73 .71 .69 .65 1 .66 1 .61 1 .77 
I 
.77 I .77 
a. nl. .76 .70 .71 . 42 1 .67 1 .68 1 .73 .73 .72 .81 
491 A p. m. . 77 . 78 .79 .86 I .85 1 .81 1 
I I a. m. . 78 .75 .98 .91 l.10 1 .84 1 
505 H p. m. .69 .71 .64 1 .65 1 .63 1 .78 1 1 .74 . 63 .68 .63 
a. m . .67 .69 .52 1 .65 1 .63 I .70 1 .75 1 . 55 . 72 .74 . 50 523 \ J 1 p. m. .71 . 72 .74 1 .72 I . 65 1 1 I ~: :::: .73 .74 . 74 1 .71 1 .64 1 .81 I 1 547 I: I . 72 .70 1 .67 1 .68 1 .69 I .75 I . 67 .73 . 73 .75 a. m. .73 . 56 1 .74 1 .69 1 .74 1 .73 .68 .67 . 73 .60 528 p. m . .70 .68 1 .71 1 .72 1 .73 1 I .78 IA a . m. .72 .52 I .69 1 .66 1 . 74 1 .77 . 61 570 p. m. 1 1 1 . 65 1 I .72 .74 . 70 . 73 
1 1 a . m. 1 
I 
1 1 .65 1 .67 .75 .70 . 79 
564 IG p. m . I 1 1 .61 I 
.78 .72 .59 .65 .71 
a. m. I I 1 1 .66 .68 I .65 .61 .66 .58 559 A p. m. 1 1 .68 .64 .63 .68 .65 
a. m . 
I 
1 1 1 1 .74 I . 67 .58 .71 .69 187 J p. m . 
I 
1 1 1 .79 .68 .66 .75 .68 
a. m. 1 1 1 1 . 77 65 .68 .78 .77 
573 A p. m. 
I I I I 
1 1 1 1 .74 .72 .75 
I H 
a, m. 1 1 1 
I 
.69 .73 .79 
185 p. m . 
I 
1 1 1 .68 .62 
1 a. m. 1 1 1 . 73 .45 
c-:: 
o 
31 
Table XI. PERCENT ASH IN MILK ACCORDING TO BREED OF ANI-
MALS. 
Breed 
J8rsey 
Guernsey 
J.\.ryshire 
Holstein 
I No .. Of I Evening samples ant- I Av. per-
mals No. I cent ash 
I ~ I ~~ I : +~ 7 46 .69 5 42 .69 
I Morn~g samples, Total samp~e_s_ I Av. per- I I Av. per-
/ 
~;. '/ cent .~~h / ~~~_I cent .~~h_ 
36 .70 74 .71 
46 .71 92 .70 
42 .67 84 .68 
Table XII. PERCENT ASH IN MILK ACCORDING TO INDIVIDUAL 
ANIMALS. 
No. I I Evening samples / Morning samples I Total samp~ 
of 1 Average 
ani- Breed No. 1 Percent ash No· 1 Percent ash No. percent 
mal I Min. I Max.1 Av. I Min. I Max. 1 Av. I ash 
256 G. 1 16 .59--.7~1 .69 / 15 \ .50-\ .83 \ .67 131 1--.68-325 G. 16 .55 1. 00 .76 15 . 52 1. 02 .75 31 . 75 
565 J. 12 .38 .75\.66111 .41 .76 . 67 I 23 / .66 
290 J. 11 .54 .92 .73 10 , .52' .85 .69 21 .71 
540 A. 11 .55 .77 .65 11 / .42 I . 75 / .65 / 22 I .65 
413 A. / 10 .40 .84 / .66 9 .44 .84 .69 19 I .67 
389, H. 11 .52 .79 .68 10 I .47 .83 ' .69 ,21 I .69 
493 H. 1 10 .62 .77 . 72 1 9 .48 I .77 1 .68119 1 .70 319 H. 9 / .61 .77 . 71 10 .42 / .81 .69 19 .70 
491 A . 6 .77 .86 .81 6 .751.10 .8912 .85 
505. H. 10 I .63 .78 .68 11 .50).75\.65\21 1 .66 
523 J. 51' ti5 .74 .71 6 .64 .81 .73 11 .72 
547 J. 10 .67 .75 .71 10 .56 .74 .69 20 I .70 
528 A. 6 .68 .78 .72 7 .52 .77 I .67\13\ . r,g 
570 A. fi. 65 .74 .71 5 .651.79 .71 10 .71 
fir, 1 G. 6.59.781.68 6 / .58 .68 .64 12 .66 
5fi9 A. 51 .63 .68 .66 5 .58 .74 .68 10 .67 
4R7 J. 5 .G6 .79 .71 / 51 .65 .78 .731101 .72 
573 A. I 3 .72 .75 .74 3 .69 .79 .74 6 .74 
485 H. 2 .62 .68 .65 I 2 .45 I .73 .59 4 .62 
been examined. There was no regular difference between the 
~vening and morning averages. 
FAT 
The detailed results of the fat determinations are given in 
table XIII. The 335 determinations varied from 1.60 to 9.20 per-
cent and averaged 4.58 percent, with the 169 evening samples 
varying from 2.20 to 9.20 percent and averaging 4.72 percent; 
the 166 morning samples varied from 1.60 to 8.55 percent and 
averaged 4.44 percent. 
The results summarized according to breed of the animals are 
given in table XIV. The data show that with the animals 
studied the usually expected relationship in the average fat 
values for the various breeds was evident in the evening, morn-
ing and total samples. 
The data on fat are presented in table XV, on the basis of 
individual animals. The three lowest individual averages were 
secured on Holsteins, while the three highest were obtained on 
Jerseys. The differences between the minimum and maximum 
values for each animal were often considerable. There was no 
regular relationship between the fat values of the evening and 
morning samples, but with 16 of the 20 animals the evening 
TABLE XIII. FA'r CONT ENT OF MILK FROM INDIVIDUAL ANIMALS. 
I I I I I I I I I I I Mar. I I I I I I I Cow Breed Time Oct. Nov. Dec. Dec. Jan. J an. Feb. Mar. 31- Apr. May June June July July Aug. no. of day 22-23 12-13 . 3 17-18 7-8 28-29 18-19 10-11 Apr.1 21-22 12-13 2-3 23-24 14-15 28-29 17-18 
256 I~ 1 p. m. 5 .70 15 .05 r· 65 14 . 65 14. 85 
15.25 14.95 5.20 5.85 4.95 4.55 4.70 4.70 
r· 55 
15.45 14. 45--
a . m. 3.55 4 65 3 90 . 15. 10 15.50 5.25 4.25 4.50 4.85 5. 15 5.75 4.65 15 . 45 15.45 
325 p. m. 9.20 5.35 4.40 5.30 5 85 15.70 15.30 6.95 5.40 4.75 6 . 45 5.80 5.60 5.45 5 .65 17.05 I a. m . 6.85 r· 25 14 .85 
5.25 16.25 15 .75 6.35 5.05 5.55 5.65 6.25 5 .60 5.25 13.80 15.55 
565 J p . m. 8.05 5.05 3.75 5. 6.75 16.35 16.15 7.15 8 . 55 5.25 7.85 6.85 I I a . m. 6.65 7.75 5 70 18 . 55 15.85 15 . 80 5.95 3 . 95 6.80 3.55 6.45 290 J p. m. 6 .05 4.95 4.10 5 . 65 4 . 80 15 .10 4.80 5.05 4 .75 4.65 7.95 I 
a. nl. 4.45 5.25 5.20 15.65 14 .85 15.25 I 5.55 4.20 5.70 6.15 I 
540 A p. m. 3.95 3.45 2.55 15. 05 13. 75 13 .55 3.55 3.45 3.50 4.05 4.25 I 
a. m. 3.40 4 .15 3 . 80 13 . 70 13 .65 13.90 3 .70 3.55 4.20 3.80 3 .75 I 413 A p. m. 3.45 3.75 4.15 3.85 3.50 13.35 12.90 2.90 3.00 2.65 
I 
I 
a. m. 3.45 4.05 3.85 13.25 13 . 65 13 .10 2.85 2.20 2.85 I 389 H p . ffi. 4.75 3.45 4.00 3.85 13.90 3.95 3.75 3.70 3.75 4 .10 4.35 I 
a. m. 3.35 3.65 3.25 13 . 55 13.95 13.75 3.85 3.50 4.20 3.70 I 
D3 H p. m. 2.65 3 .65 3.20 12 . 55 12 . 75 14.00 12.65 3.15 4.25 4 .05 I I a. m. 3.10 3.10 2.85 2.85 13. 65 13.40 4.05 4.15 3.55 I I 
cowl Breedl Time I May I June I June \ July I July I Au g. I Sept. I Sept. I Oct. [ Nov. I Nov. I Dec. I 
no. of day 12-13 2- 3 23-24 14-15 28-29 17-18 8-9 29-30 20-21 3- 4 24 - 25 15-16 
319 I: 1 p. m · 13 .05 12.45 12.95 13 .05 12.95 14 .20 13 .85 I 4.05 3.15 • i I I a. m . 3 .00 \2.45 r·05 . 12.45 13. 10 12.85 I 3.20 3.55 4.45 I 491 p . m. 4.85 4.25 4.95 5 85 14.85 14.60 I I IH I a. m. 3.75 3.85 5.25 4.25 15 .65 16 .30 I I I I 505 p. m. 2 .20 2.25 4.55 13.05 13.35 13 .05 I 3.25 3.45 4.15 3.45 I I a. m. I 12.05 11.60 12 .35 12.05 12.35 12.85 I 4.25 
13 .75 
3.45 3.45 3.55 I I 
523 J p. m. 6.55 5 .65 16.05 15.95 17.45 I \ 
I I 
a. m. 3.30 5.55 5.75 13.60 16.05 15.40 I I 
547 J p. m. 4.45 16.65 15 .65 15 .65 14.85 \ 6.25 16.65 6.45 6.60 7.55 I I a. m. 5.10 15. 15 15.45 15 .65 14.95 6.65 4.85 5.45 6 .65 6.65 I 
528 A p. m. 3.80 15 .75 !4 . 45 14.15 14.35 I 3.65 5. 45 I I a. m . 4.45 13.85 14.25 13.90 13 .55 4.25 I I I 
570 A p. m . I I I 13 .95 I 4. 35 5.05 4.45 13 .05 I I I a. m. I I 13. 65 5 .00 
1
4
.
45 
4.45 4.35 I I I 
564 G p. m . I I I 14.35 I 4.30 5 .15 5.1  4.35 4.45 I I I 
a. m. 
1 
I I I 14 .40 I 4.75 14.25 4.55 4.35 4 .65 I I I 
559 A p. m . I I I I I 5.65 4.65 4.35 4.60 4.25 I I I a. m. I I I 4.75 14.25 3.55 4.35 4 .65 I I I 487 J p . m. I I I I I 6.65 6.05 
15 . 85 
5.80 7.75 I I 
a . m. 
1 
I I I 6.00 5.25 6.25 5.85 6.55 
1 1 
I I 
573 A p. m . 
1 
I I 
I 
5 .15 4 .10 4.25 I I 
a. ffi. I I 
14 . 35 
3.55 3.75 I I 485 H p. m. I I 3. 15 2 .75 I a. m. I I 3.35 3. 75 I 
~ 
t-:l 
33 
Table XIV. PERCENT FAT IN MILK ACCORDING TO BREED OF 
ANIMALS. 
Breed I No. of I Evening samples I Morning samples I ani- No. I Average No. I Average 
mals I percent fat I percent fat 
Total samples 
No. \ Average 
percent fat 
.Jersey 
Guernsey 
Ayrshire 
Holstein I ~ I ~~ \ U~ I ~~ I U~ I 7 46 4.125 46 3.98 5 42 I 3.45 42 3.25 85 \ 5.83-74 5.21 92 I 4.05 84 I 3.35 
T able XV. PERCENT FAT IN MILK ACCORDING TO INDIVIDUAL 
ANIMALS. 
No. \ d \ Evening samples I Morning samples I Tota l samples of Bree 
ani- N0'1 Percent fat N0'1 Percent fat No. \ Av. per-
mal Min I Max I Av Min I Max I Av cent fat 
256 G. 16 4.45 6.55 5.09 15 3.55 5.75 4.86 31 I 4.98 325 G. 16 4.40 9.20 5.89 15 3.80 6.85 5.48 31 5.69 
565 J. 12 3.75 8.55 6.47 11 3.55 8.55 6.09 23 6.29 
290 J. 11 4.10 7.95 5.26 10 4.20 6.15 5.225 21 5.24 
540 A. 11 2.55 5.05 3.74 11 3.40 4.20 3.78 22 3.76 
413 A. 10 2.65 4.15 3.35 9 2.20 4.05 3.25 19 3.30 
389 H. 11 3.45 4.75 3.96 10 3.25 4.20 3.675 21 3.82 
493 H. 10 2.55 4.25 3.29 9 2.85 4.15 3.41 19 3.35 
319 H. 9 2.45 4.20 3.30 10 2.05 4.45 3.015 19 3.15 
491 A. 6 4.25 5.85 4.89 6 3.75 6.30 4.84 12 4.87 
505 H. 10 2.20 4.55 3 .275 11 1.60 4.25 2.88 21. 3.07 
523 J. 5 5.65 7.45 6.33 6 3.30 6.05 4.94 11 5.57 
547 J. 10 4.45 7.55 6.075 10 4.85 6.65 5.655 20 5.865 
528 A. 6 3.80 5.75 4.66 7 3.55 4.45 3.99 13 4.30 
570 A. 5 3.05 5.05 4.17 5 3.65 5.00 4.38 10 
-
4.275 
564 G. 6 4.30 5.15 4.625 6 4.25 4.75 4.49 12 4.56 
559 A. 5 4.25 5.65 4.70 5 3.55 4.75 4.31 10 4.505 
487 J. 5 5.80 7.75 6.42 5 5.25 6.55 5.98 10 6.20 
573 A. 3 4.10 5.15 4.50 3 3.55 4.35 3.88 6 4.19 
485 H. 2 2.75 3 .15 2.95 2 3.35 3.75 3.55 4 3.25 
samples had the higher average fat content, altho the differ-
ences between the evening and morning samples were quite 
variable. 
TOTAL SOLIDS 
The results of the total solids determinations are given in 
table XVI. The 335 determinations vari€d fro,m 8.82 to 20.15 
percent and averaged 13.52-percent. ' The 169 evening samples 
ranged from 9.69 ,to 20.15 percent and averaged 13.56- percent, 
while the 166 morning samples varied from 8.82 to 19.16 percent 
and averaged 13.49 percent. 
The results, grouped on the basis of breed of the animals, 
are given in XVII. These data show considerable variation in 
the average percent total solids for the milk of the different 
breeds with the same re'lationship between th€ breeds as ob-
tained with the fat values. 
Table XVIII gives the results of the total solids determina-
tions summarized according to individual animals. The data 
show wide variation in the average total solids values. Th€ 
two lowest averages were secured on Holsteins and the third 
lowest on an Ayrshire, while the three highest averages were 
·obtained on Jerseys. As with the fat values, a considerable 
difference existed between the minimum and maximum values 
for each animal. There was no definite relationship between 
Table XVI. TOTAL SOLIDS CONTENT OF MILK FROM INDIV1DUAL ANIMALS. 
, , I I , , , ! ! , I Mar. , ! ! ! ! ! 1 Cow Breed Time Oct. Nov. Dec. Dec. Jan. Jan. Feb. Mar. 31- Apr. May June June July July Aug. no. of day 22-23 12-13 3 17-18 7-8 28-29 18 -19 10-11 Apr.1 21-22 12-13 2-3 23-24 14-15 28-29 17-18 
256 \ G. p. m. 14.84 14.05 13 .84 13.53\14.45 114.20 If3.80 114.50 15.15 115.17 14.35113.69 rO.78 114 . 71 113.79 113.28 
a. m. 13.53 13.98 12.83 14.03 114.50 115.29 14.85 13.14113.19 14.01 13.60 14.16 13.28 113.58 113 .78 
325 G. p. m. 20.15 14.00 13.86 15.25 115.33 115.62 114.47 17.05 15.34 13.58 15.30 14.97 13.98 14.55 114.14 115.40 
a. m. 16.65 14 .40 14.53 \15.03 116.16 115.58 I 16.38 14.36 14.55 15.18 15.48 14.35 14.46 113.98 113.92 
565 J. p. m. 17.67 14.97 13.38 15.48 16.97 116.06 115.67 I 16.42 17.93 14.89 17.47115 . 34 \ I I 
a. m. 15.99 16.51 15.81 119.16 115.95 114.99 I 16.17 12.87 16.56 13.54 16.00 I I 
290 J. p. m. 15.16 13.51 12.82 14.17 113.47 113.28 113.60 I 13.93 12 . 77 12.71 15.71 I I I 
a . m. 13.84 14 .13 14.63 114.97 113.71 113.76 I 14.59 12.23 13 . 83 13.51 I I 
540 A. p. m. 12.48 11.77 11.59 113.80 112 . 57 112.33 I 12.61 12.32 12.26 13.18 13.85 I I I 
a. m. 12.76 13.38 13.08 112.57 112.63 112.95 I 12 .83 12.51 12.64 13 .06 13.51 I I 
413 A. p. m. 12 .71 13.01 13.14 13.00 111.98 111.02 111.07 110.18 9.69 12.25 I I 
a. m~ 13.26 13.89 12 .30 112.03 111.37 110.60 9.85 8.82 13.23 I I I 
389 H. p. m. 13.91 11.50 12.47 12.45 112.84 112.69 112.24 I 12.54112.19 14.37 12.68 I I 
I a . m. 13.08 12.83 12.29 112.38 112.66 112.72 I 13 .13 12.21 13.68 12.08 I I I 
493 I H. p. m. 11.99 11.56 11.40 10.93110.78 112.41111.37 12.15 13.34 13.79 I I I a. m. 12.35 12.09 110.88 112.32 112.36 112 .26 I 13.33 12.92 9.24 I I I I 
cow, Breed' Time ! May I June I June I Julv I Ju ly / AUg.J sept.! sept.! Oct. 'NOV.! NOV. / Dec.! 
no. of day 12-13 2-3 23 - 24 14-15 28-29 17-18 8-9 29-30 20-21 3-4 24-25 . 15-16 
319 
491 
505 
523 
547 
528 
570 
I H. p. m·11o.68 10.18 10.36 \10.60 110.38 112.06 112 .50 11.40111.62 I : a. m. 11.23 10.15 9.71 10.63 110.21 111.16 111.30 12.21 11.83\13.21 A. p. m. 14.02 12.71 14.51 115.80 \14.98 113.60 I I 
a. m. 13.13 12.97 15.34 13.50 15.51 114.89 . 1 I H. p. m. 11.13 10 .91 112 .78 111.48 112.26 112 .51 I 112.36 12.52 13.45 12.50 a. m. I 10.80 10.32 11.03 \10.40 110.86 112.42 I 13.98 12.58 12.48 12.86 12.62 
I J. p. m'l 15.24 114.44 14.67 14.46 116 .44 I I 
a . m. 12.47 114.35 14.56 112.32 115.07 115.03 I I J. \ p. m. 113.75 \15.75 114 .78 115.12 114.27 I 15.34 14.30 15.59 15.82 17.00 
\ a. m. I \14.55 \14.86 114.87 114 . 99 113.94 I 16.40 14.30 15.91 16.75 17.15 I A . I p. m. I 12.26 14.02 112.95 113.12 113.41 I 12. 96 1 I 
I a. m' l 13.20 12.74 112.76 112.49 113.04 I 13 .14 13.19 I 
I A. I p. m. I I 112.78 I 13.17 13.88 13.67 11 . 23 
I a. m. \ I I 112.87 I 14.18 13.46 13.25 13.92 I 
564 \ G. I p. m'l \ I 112.51 I 12.99 11 .86 \13.93 13.50 \13.88 I 
a. m. \ I 113.44 I 13.53 12.72 13 .69 13.19 14 .18 I 
559 I A . p. m. I I I \14 .77 12.94113.49 13.94 113.48 
I a. m. I I I I I 14.04 12.48 12.73 13.77 14.28 
487 I J. . p. m . I I I I I 1 15 . 80 15.17 15.94 15.40 116 .30 
I I a . m'l I I I 15 . 51 14.12 115.84 15.94 16.39 
573 I A. p. m. I I I I I 13.88 13.28 12.99 
a. m. I I I 13.62 12 . 66 13.21 
485 \ H. I p. m. \ \ \ I I I I 10.21 \10.35 I a. m. I I I 11.42 11.84 
~ 
..,. 
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Table. XVII. PERCENT TOTAL SOLIDS IN MILK ACCORDING TO 
BREED OF ANIMALS. 
Evening samples \ Morning samples I Total samples 
Breed \ No. of \ I Av. · per- I Av. per- I Av. per-anl- No. I cent total No. I cent total No. I cent total 
mals 
. I solids I solids I solids 
Jersey 5 43 15.09 42 I 14.95 85 I 15.02 \ . 
\ \ 
\ \ Guernsey 3 38 14.36 36 I 14.26 74 I 14.31 
12.99 I 92 I 12.96 Ayrshire 
\ 
7 46 12.93 
\ 
46 I 
I 84 I 11.93 Holstein 5 42 11.95 42 I 11.91 
the total solids values for the evening and morning samples; 
in 12 of the 20 comparisons the evening samples averaged higher, 
in 7, the morning samples averaged higher and in 1 compari-
son there was no difference. 
A comparison was made of the total solids by determination 
and by calculation according to the formula, one-fourth of the 
lactometer reading plus 1.2 times the fat, with the idea of 
securing information on the extent and general tendency of 
the errors when the total solids are calculated with milk from 
individual animals. 
With 334* samples of milk there was an agreement to the 
second decimal place between the determined and calculated 
values in 3, while the calculated value was higher than the 
determined values in 232 and 'lower in 99. Where the calculated 
value was high the maximum error was 3.06 and the average 
€lTOr 0.34 percent; where it was low the maximum error was 
().70 and the average error 0.18 percent ; considering the 334 
samples (with three of which there was no error) the average 
€rror was 0.29 percent. 
Table XVIII. PERCENT TOTAL SOLIDS IN MILK ACCORDING TO tN-
DIVIDUAL ANIMALS. 
No. 
of 
ani-
mal 
~56 
325 
·565 
290 
540 
413 
389 
493 
.319 
491 
505 
~23 
547 
528 
570 
"561 
559 
487 
573 
485 
I I ~ning sampl~~ \ Morning samples I Total samples B d ! Percent total I Percent total I Av. per-
ree No. solids N0' 1 solids N0'1 cent total 
Min. I Max.1 Av. Min. I Max. 1 Av. solids 
I G . 1 16 110 . 78 115 . 17 \14.01 ~ 15 \12.83 115 . 29 113 . 85 I 31 I 13.93 G. 16 13.58 120.15 15.19 15 13.92 16.65 15.00 31 15.10 J. I J2 1 1~ . 38 117.93 16.02 .. " '2.~7 11~.16 115.78 I n I In.90 
J. III 12.71 15.71 13.74 ' 10 r2 . 23 14.97 13.n llli 13.83 I A. III 11.59 13.85 12.61 11 12.51 13.51 12.90 22 1 12.76 A. 10 9.69 13.14 11.805 9 8.82 13.89 11.71 19 11.76 H . 11 11.50 14.37 12.72 10 12.08 13.68 12.71 21 12 . 71 
I 
H. 10 10.78 13.79 11.97 9 9.24 13.33 11.97 19 I' 11.97 H. 9 10.18 12.50 11.09 10 9.71 13.21 11.16 19 11.13 
A. 6 12.71 15.80 1-1.27 6 12.97 15 . 51 14.22 I H I 14.25 H. 10 10 . 91 13.45 12.19 11 10.32 13.98 11.85 12.01 
J. 5 14.44 16.44 15.05 6 12.32 15.07 13.97 11 \ 14.46 J. 10 r3.75 17.00 15.17 10 13.94 17.15 15.37 20 15.27 A. 6 12.26 14 . 02 13.12 7 12.49 13.20 12.94 13 13.02 
A. 5 11.23 13.88 12.95 ;) 12.87 14 .18 13.5<l 10 13.24 
G 6 11.86 13.93 13.11 6 12.72 14.18 13.46 12 13.285 
A. 5 (2.94 14.77 13.72 5 12.48 14.28 13.4() 10 13.59 J. 5 15.17 16.30 15.72 5 14.12 16.39 15.56 10 15.64 
1 A. 3 12.99 13.88 13.38 3 12.66 13.62 13.16 6 13.27 
I H . 2 10.21 10.35 10.28 2 11.42 11.84 11.63 4 10.955 
·With one of the 335 samples there was insuffic ient milk for a lactometer 
l·eading. 
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The results of the comparison are presented on the basis of 
breed of the animals in table XIX. This summary shows that 
with both the evening and morning samples, the average error 
WaS in general greater when the calculated value was high than 
wnen it was low, which indicates as does the distribution of the 
comparisons in the two groups that the calculated value is 
more likely to be high than low. There was very little differ-
ence in the average errors with the various breeds in the eve-
ning, morning, or total samples either when the calculated 
values were high or when they were low. 
Table XX gives the data on the comparison of the determined 
and calculated total solids values on the basis of the individual 
animals. As would be expected from the summarized results, 
the average negative errors were usually less than the average 
rositive errors, but there were some exceptions to this. With 
three of the animals among those from which only a few samples 
were studied, there were no negative errors, and with a number 
of others there Were no negative errors in one of the two groups 
of samples. There were nQ regular differences between the 
animals of the different breeds, as would be expected from the 
small differences in the average results for the breeds. The 
large errors did not seem to be correlated with either a high 
or low p~rcent of total solids; the positive error of 3.06 percent 
occurred with a sample of Guernsey milk which was considerable 
lower in total solids than the other samples from the same 
animal. The largest average error occurred with an Ayrshire 
and the lowest with a Jersey. 
The above results on the comparison of total solids by determ-
ination and by calculation using the usual formula are some-
what different than the results reported by Overman, Davidson 
and San;rnp,nn4. These investigators used a chainomatic specific-
gravity balance and the fat was determined by the Roese-Gott-
lieb m'ethod so that the two sets of data are not exactly compar-
able; it seems that the, difference in the method of determining 
the fat might be a factor in explaining the variations in the 
results. 
CITRIC ACID IN CREAM FROM TWO SOURCES 
The data 'showing the uncorrected and the recalculated values 
for citric acid in the samples of cream from the two sources are 
given in table XXI along w5.th the percents of acidity and fat. 
The results show rather large differences in the citric acid con-
tent of the cream from one determination to the next, but there 
is no evidence of any seasonal variation. The lack of such a 
variation in the citric acid content of the cream agrees with 
'Univ. of Ill. Agr. Exp. Sta. Bu!. 263, Apr. 1925. 
Table XIX. COMPARISON OF TOTAL SOLIDS BY DETERMINATION AND BY CALCULATION ACCORDING TO BREED 
OF ANIMALS. 
Evening samples Morning samples Total samples 
Calc. value Calc. value Calc. value 
I 
Calc. value Ca". V,,", I Ca". ""'"' I Calc. value Breed high low high low high low high or low 
no. , no. , no. , no. , no. I no. I no. I sam- avo sam- avo sam- avo sam- avo sam- avo sam- avo sam- avo pies error ple~_~ error pies error pies e rror pies . error pies error pies error 
J ersey 
Guernsey 
Ayrshire 
Holstein 
32 
25 
30 
33 
.39 
.41 
.36 
.37 
11 
11 
16 
9 
.10 
.16 
.17 
.18 
32 
23 
34 
23 
.28 
.34 
.27 
.30 
9 
12 
12 
19 
.13 
. 19 
.28 
. 19 
64 
48 
64 
56 
I .34 I . 38 .31 
.34 
20 
23 
28 
28 
. 11 
.18 
.21 
.19 
85· 
73·· 
92 
84 
. 28 
.31 
.28 
.29 
· includes one sample with no error 
··includes two samples with no error 
Table XX. COMPARISON OF TOTAL SOLIDS BY DETERMINATION AND BY CACLULATION ACCORDING TO INDI-
VIDUAL ANIMALS. 
Evening samples I Morning samples 
Calc. v a lue high I Calc. value low Calc. valu e high I Calc. value low 
no. , a vo ' m a x . no. ' avo I m a x ., no. ' avo ' m a x . no. I avo Jmax. 
_---,.__-\--;--,;--;-error e rror e rror e rror error e rror error e rror 
Cow 
no. 1 Breed 
256 G. 10 .50 3 .06 4 .27 . 43 1 10 1 .355 .58 5 .23 .48 
~ 25 G. 9 .40 1.16 . 7 . 10 .14 1 ' 8 1 .31 .ti5 6 .19 .41 
565 J. 4 .24 .33 8 .10 .26 1 7 1 .21 . 45 4 . 15 . 28 
~90 J. 9.22 . 37 2 . 085 .15 I 9 1.20 .51 1 .28 . 28 
,,40 A. 6 .12 .34 5 .14 .26 7, .24 . .63 4 . 26 .65 
413 A. 3 .37 .51 7 .15 .27 5 . 17 .45 4 .4 3 . 51 
389 H. 0 .20 . 46 5 .17 .35 1 2 1 .125 .23 8 .26 .55 
493 H. 6 .22 .44 4 .21 .55 1 4 1 .265 .44 5 .16 . 31 
319 H. 9.44 .83 1 8 1.35 .65 2 .07 .12 
491 A. 4 .18 .50 .14 5 .21 1 6 1 . 18 .54 
505 H. 10 . 36 .68 1 7 I .29 . 58 4 
52~ J . 4 .56 .76 .11.11 I 5 I .46 .59 1 
547 J . 10 .455 .97 I 6 1 .295 .59 3 
528 A. 5.59 .93 1 . 70 .70 1 4 1.43 .57 3 
(;70 A. 5 .47 .93 I 4 I .415 .69 1 
564 G. 6.30 .74 I fi 1.36 .60 1 
559 A. 5.38 .68 I 5 1. 29 . 45 
487 J. 5.52 1. 00 1 5 1.35 .68 
573 A. 2 .465 .73 .01 .01 I 3 I .21 .30 
485 H. 2 1.02 1.19 I 2 I .40 .48 
.155 
.10 
.08 
. 15 
.13 
.06 
.31 
.10 
.10 
.26 
. 13 
.06 
Calc. val. l high 
I a v o no. error 
20 .43 
17 .36 
11 .22 
18 .21 
13 .19 
8 .24 
8 .18 
10 .24 
17 .40 
10 .18 
17 .:13 
9 .50 
16 .395 
9 .52 
9 .45 
11 .33 
10 .33 
10 .435 
5 .31 
4 .71 
Total samples~_--,-~-,­
Calc. val. \ Calc. val. high 
low or low 
I avo I average no. error no. e rror 
9 1 .25 12-9- 1--.37-
H 1 .14 I 30 I . 26 
12 1 . 115 I 23 I . 17 
3 I. 15 I 21 I .20 
9 I .19 I 22 I . 19 
11 . 25 I 19 I . 25 
13 . .22 I 21 I .21 
9 I . 18 1 19 I .21 
2 1.07 19 I .36 2 .145 12 I .18 
4 .155 21 I .30 
2 .105 11 I .43 
3 ,.08 19 I .31 
4 .285 13 1 . 45 
1 I .13 10 I .415 
1 1 .06 12 I .31 
I 10 I .33 
I 10 I .435 
1 .01 6 I .26 
4 .71 
~ 
~ 
3& 
the results obtained in the ueterminatiolls of the citric acid con-
tent of the milk from individual animals. The recalculated 
values for the cream secured from the separator varied from 
0.09 to 0.19 percent and averaged 0.13 percent, while the mixed 
farm cream ranged from 0.10 to 0.20 percent and averaged 0.15 
percent. There was no relationship between the reCc'1lculateu 
citric acid values and the percentages of fat in the cream. 
The acidities of certain of the samples of mixed farm cream 
indicate some bacterial action and a few of such samples had 
rather low citric acid values so that there is a suggestion that 
with natural souring the citric acid decomposition may start 
early in the period of acid production. There is no clear evi-
dence of this, however, and additional data covering the point 
will be necessary before a definite conclusion is warranted. 
DISCUSSION OF RESULTS 
The data obtai1led on the citric acid content of both evening 
and morning lIlilk from cows of different breeds at varIOUS 
stages of lactation and thruout the seasons of the year show that 
altho considernble variation occurred there did not seem to be 
a correlation between any of the conditions studied and the 
citric acid content. It should again be noted that the cows pro-
ducing the milk examined were given a libcral supply of silage 
Tabl e XXI. PERCENT CITRIC ACID IN CREAM FROM TWO SOUHC1:" 
Feb. 
Feb. 
Mar. 
Mar. 
:i\1a.r. 
Mar. 
Apr. 
Ap,·. 
Apr. 
Apr. 
May 
May 
May ]\'[ay 
June 
June 
June 
June 
July 
July 
Sept. 
Sept. 
Oct. 
Oct. 
Nov. 
Nov. 
D ec. 
Date 
21-24 
28-24 
6-24 
13-24 
20-24 
27-21 
3-24 
11-24 
18-24 
24-24 
2-24 
8-24 
15-24 
22-24 
6-24 
12-24 
19-24 
26-24 
10-24 
18-24 
17-24 
24-24 
8-24 
24 -24 
17-24 
24-24 
4-24 
Cream secured from separator Mixed farm cream 
per-, I Pecent I Recalc.' per-, I Pecent , Recalc.' 
cent Per- citric percent cent Per- citric percent 
acid- cent acid un- citric acid- cent acid un- citric 
ity fat corrected' acid ity fat corrected' acid 
.11 40.5 
.12 40.5 
.12 35.2 
.12 34.5 
.125 44.5 
.130 42.0 
.130 40.5 
.155 40.2 
.12 44.2 
.14 36 .2 
.11 44.2 
.12 37.7 
.125 42.7 
.14 37.7 
.185 38.2 
.14 34.7 
.16 38.5 
.125 40.0 
.14 44.;; 
.15 44.5 
.125 38.0 
.15 28.0 
.14 :l3.5 
. 11 37.5 
.10 52.5 
.12 41.5 
.11 37.5 
.11 I 
.11 
.13 I 
.165 
.17 
.13 
.14 
.12 
.14 
.15 
.10 
.13 
.125 
.16 
.16 
.14 
.16 
.14 
.15 
.13 
.14 
.11 
.19 
.195 
.215 
.11 
.195 
.10 .205 30.5 I 
.10 .14 35.0 I 
.12 .15 34 .5 
.15 .21 32.5 I 
.15 .16 ~o:~ I j~ :22 28.0 
.11 .15 32.7 
.12 .14 33.7 
.14 .215 29.2 
.09 .22 34.2 
.12 .165 33.7 
.11 .21 37.2 
.14 .18 28.2 I 
.14 .19 32.21 
.13 . 31 32 .2 
.14 .21 34.5 
.13 .20 37.0 
.13 .20 33 0 I 
.12 .19 37: 5 
.13 .20 31.5 
.10 .16 38.0 
.17 I .18 34.5 
.18 .16 34.0 I 
.19 .14 31.51 
. 10 .14 29.5 
.18 .14 27.5 
.11 
.13 
.15 
.1 3 
.19 
I 
I 
I 
I 
.155 I 
.165 II 
.15 
.14 I 
.12 I 
.15 II 
.14 
.15 I 
.155 I 
.14 II 
.195 
.18 I 
.20 I 
.17 I 
.14 I 
.16 I 
.22 I 
:g I 
.165 I 
.18 I 
.11l 
.12 
.14 
.12 
.18 
.14 
. 15 
.14 
.13 
.11 
.14 
.13 
.135 
. 14 
.13 
.18 
.16 
.18 
.15 
.13 
.14 
.20 
. 17 
. 16 
. 15 
.17 
'See methods fo,' procedure used in se"urin g these values. 
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<luring the winter months since this may be a factor in prevent-
ing seasonal variations in the amount of citric acid; at any rate 
the results obtained cannot be directly applied to the milk from 
animals on dry feed only during the winter. 
Hess, Unger,and Supplee5 found that milk reconstituted from 
dried milk had a higher citric acid content when the produci.ng 
animals were on pasture than when they were on dry feed. Sup-
plee and BeUis6 concluded that, "There is a marked variation 
in citric acid content of the milk from individual animals, which 
may be explained on the basis of the data shown herein as due 
to the individuality of the particular animal. Certain data, 
however, indicate that the ration may have a slight effect upon 
this constituent." Cream from two sources also failed to show 
a seasonal variation in the citric acid content. 
It accordingly seems probable that seasonal variations in the 
flavor and aroma of butter are not related to differences in 
the citric acid content of the milk or cream. 
CONCLUSIONS 
1. The results of 335 citric acid determinations on milk from 
individual animals of the four principal dairy breeds varied 
from 0.07 to 0.33 percent and averaged 0.18 percent. The ani-
mals were on pasture in the summer and received a liberal sup-
ply of silage in the winter. 
2. The breed of the animals used, the time of day of the 
milking, the stage of lactation , and the season all seemed to 
have no significant effect on the citric acid content of the milk. 
3. The 335 sa.mples of milk from individual cows varied in 
acidity from 0.10 to 0.25 percent and averaged 0.17 percent, 
the ash varied from 0.38 to 1.10 percent and averaged 0.70 per-
cent, the fat varied from 1.60 to 9.20 percent and averaged 
4.58 percent, while the total solids varied from 8.82 to 20.15 per-
cent and averaged 13.52 percent. 
4. A comparison of the determined values for total solids 
and the values calculated according to the formula, one-fourth 
lactometer reading plus].2 times the fat, showed that the calcu-
lated v,alues are more likely to be high than low. 
5. Determinations of the citric acid content of cream from 
two sources showed no evidence of a seasonal variation, 
"Jour. of BioI. Chern. 45, p 229, 1920-21. 
' Jour. of BioI. Cbern. 48, p 453. 1921. 
